Background: Obesity and hypertension are major risk factors for non-communicable diseases in the world today. The relationship between indicators of obesity and blood pressure needs attention in the rural South African population. Aim: This study examined the relationship between anthropometric parameters and blood pressure (BP) among young adults in the Ellisras rural area of South Africa. Methods: A total of 742 (365 females and 377 males) young adults aged 22 to 30 years, who were part of the Ellisras Longitudinal Study (ELS), participated in the research. Anthropometric and BP measurements were taken using the protocol of the International Society for the Advancement of Kinanthropometry (ISAK). Linear regression was used to determine the relationship between anthropometric parameters and BP. The risk of developing hypertension among young Elisras adults was evaluated using logistic regression.
Hypertension is a significant global challenge that contributes to high risk of cardiovascular and kidney disease. 1 The prevalence of hypertension continues to increase in low-and middle-income countries, 2 and is mainly due to population growth, aging and behavioural risk factors such as unhealthy diet, which lead to obesity. 3 Obesity usually refers to excessive storage of energy in the form of adipose tissue, 4 and remains a strong predictor for the risk of developing hypertension. 5 Moreover, a high prevalence of hypertension is found in individuals who are more obese or overweight than normal individuals, thus further increasing the risk for cardiovascular disease. 6 Studies have also shown that obesity increases fatty tissue, which heightens vascular resistance and overworks the heart to pump blood throughout the body, thereby elevating blood pressure. 7 Studies have established that anthropometry is an easy and reliable method to use for predicting cardiovascular diseases (CVDs), including hypertension. 8, 9 However, such studies were mostly conducted in children and fewer in adults, especially in rural areas. 10, 11 In the same rural population, Monyeki et al. 12 reported skinfold thickness, waist circumference (WC) and body mass index (BMI) to have a significant positive association with blood pressure at a younger age (seven to 13 years). However, little is known about the association between WC, waist-to-hip ratio (WHR) and skinfold thickness with BP in young adults. Therefore, the aim of this study was to assess the relationship between anthropometric (WC, skinfold thickness, WHR) parameters and BP among young Ellisras adults aged between 22 and 30 years.
AFRICA village (23° 40'S, 27° 44'W) is about 70 km from the nearest settlement on the Botswana border. In Ellisras, the Iscor coal mine and Matimba electricity station are the main sources of employment for the people, while other sources of livelihood include crop farming and cattle rearing, as few individuals are educated. Unemployment and poverty appear to be a major concern in South African rural areas, including Ellisras.
14 Details of the Ellisras Longitudinal Study (ELS) research design and sampling procedure have been reported elsewhere. 15, 16 For the purpose of this analysis, a total of 742 young adults aged 22 to 30 years (365 females and 377 males), who were part of the ELS, participated in this survey.
The ethics committee of the University of the North, now known as the University of Limpopo, granted approval prior to the survey. Participants read and signed informed consent forms.
All subjects went through a series of anthropometric measurements based on the standard procedures recommended by the International Society for the Advancement of Kinanthropometry (ISAK). 17 Skinfold (triceps, biceps, subscapular and supraspinale) and height were measured using both the Martin anthropometer and Slim Guide skinfold calliper. Height was rounded off to the nearest 0.1 cm and skinfolds were measured three times, where the values were rounded off to the nearest 0.1 mm. A flexible steel tape was used to measure WC in centimetres as participants assumed a standing position. WC was measured sideways from midway between the lowest portion of the rib cage and iliac crest and anteriorly, midway between the xiphoid process of the sternum and the umbilicus.
Measurements for both systolic (SBP) and diastolic blood pressure (DBP) were taken at least three times with the electronic Micronta monitoring kit at an interval of five minutes, after the participants had been sitting for at least 15 minutes in a well-ventilated room.
18, 19 The device contained an infrasonic transducer that keeps records of BP and pulse rate on the display screen. The device has been used for research and clinical purposes. 20 Readings taken with a conventional mercury sphygmomanometer and an automated device showed a high correlation (r = 0.93), based on a pilot study conducted before the actual survey.
Readings for intra-and inter-tester technical errors of measurement (% TEM) for height, skinfolds and WC ranged from 0.04 to 4.16 cm (0.2-5.01%), 0.2 to 6 mm (0.4-6.8%) and 0 to 3.4 cm (0-4%), respectively.
12

Statistical analysis
Descriptive statistics for WC, WHR and skinfold thickness were computed. Independent t-tests were calculated to examine whether there were any significant gender differences in the participants' anthropometric and haemodynamic measurements. Hypertension was defined as SBP ≥ 140 mmHg or DBP ≥ 90 mmHg, according to WHO. 21 Central obesity was assessed based on WC and WHR as follows: WC in men ≥ 102 cm and in women ≥ 88 cm, and WHR ≥ 0.5 cm in both men and women. 22 The sum of four skinfold measurements (triceps, biceps, subscapular and supraspinale), categorised as above the 85th percentile, was used to determine general obesity, where young adults were characterised as normal or excessively fat. 23 The association between BP, WHR, WC and skinfolds, adjusted for age and gender, was assessed using a linear regression model. The risk of developing hypertension among young Ellisras adults who were obese or overweight was assessed with multinomial logistic regression analysis. Data were analysed using the Statistical Package for the Social Sciences (SPSS) (version 23), with the level of significance set at p < 0.05. Table 1 presents descriptive statistics for anthropometric parameters, skinfolds and BP among young Ellisras adults aged 22 to 30 years. Women showed significantly (p < 0.05) higher mean average WC (82.49 ± 14.73 cm) than men (74.74 ± 9.56 cm) (p < 0.000). Men showed a significantly higher mean SBP (125.33 ± 2.60 mmHg) than women (114.32 ± 10.23 mmHg).
Results
Presented in Table 2 are the summary data on the prevalence of hypertension, overweight and central obesity among the participants as evaluated using anthropometric parameters (WC, WHR and skinfold thickness). There was a higher significant (p < 0.000) prevalence of central obesity in women (69.6%) than in men (1.4%), while the prevalence of overweight was higher in men (15.4%) than women (15.1%), although not significant. High SBP was significantly (p < 0.05) more prevalent in men (14.0%) than in women (1.9%). Table 3 indicates the Pearson correlation coefficients between anthropometric parameters, skinfold thickness and BP measurements. There were significant (p < 0.05) correlations between triceps (r = 0.022), biceps (r = 0.021) and subscapular (r = 0.053) skinfolds and SBP in women, while DBP in women was significantly (p < 0.05) associated with triceps (r = 0.046), biceps (r = 0.007) and subscapular (r = 0.013) skinfolds. In men, SBP significantly (p < 0.05) correlated with triceps (r = 0.012) and biceps (r = 0.015) skinfolds, while DBP was substantially (p < 0.05) correlated with biceps (r = 0.017) and subscapular (r = 0.054) skinfolds. Table 4 presents linear regression coefficients for the association between anthropometric parameters and BP. The results exhibited a significant positive (p < 0.000) relationship between WC and SBP (beta = 0.273; 95% CI: 0.053-0.230), even after being adjusted for age and gender (beta = 2.091; 95% CI: 1.129-3.871). There was a significant positive (p < 0.002) association between WC and DBP (beta = 0.141; 95% CI: 0.053-0.230) when the data were unadjusted for age and gender. Triceps skinfold (p < 0.004) was significantly associated with DBP (beta = 0.377; 95% CI: 0.633-0.122), even after the data were adjusted for age and gender (p < 0.002) (beta = 0.412; 95% CI: 0.669-0.155). Table 5 presents logistic regression analyses to determine the risk of developing hypertension among young Ellisras adults.
High SBP was associated with abdominal obesity (WC) after adjusting for age and gender (OR = 2.091, 95% CI: 1.129-3.871). There was a significant association between high SBP and overweight (OR = 1.634, 95% CI: 1.012-2.801).
Discussion
The purpose of the study was to determine the association between anthropometric parameters and BP among young Ellisras adults aged 22 to 30 years. In this study, WC was significantly associated with both SBP and DBP. This confirms the results of previous studies in which a significant positive association between WC and both SBP and DBP was reported among adults aged 23 to 40 years. 24, 25 Although studies have been conducted in different parts of the world, subjects of similar ages were targeted, therefore resulting in similar findings. Furthermore, a study carried out in adolescents aged 13 to 19 years found similar results. 9 However, Ashwell et al. 22 found that WHR was positively associated with SBP among adults. The study focused on individuals aged 60 years and older, therefore making the age difference a plausible explanation for the disparity in published research findings.
Our study also found that there was no significant association between both SBP and DBP and WHR. Contrary to this, Barbosa et al. 26 found WHR to be significantly associated with both SBP and DBP. Regarding skinfold thickness, the present study found that both SBP and DBP were significantly correlated with triceps, biceps and subscapular skinfolds among young Ellisras adults. Similarly, Birmingham et al. 27 reported a significant positive correlation between subscapular, triceps and biceps skinfolds and both SBP and DBP in individuals aged 18 to 40 years. Furthermore, the results agree with those of Dua et al. 28 and Timpson et al., 29 which indicated a significant positive association between triceps, biceps and subscapular skinfolds and BP in adults. In our study, men (1.9%) had a higher prevalence of hypertension compared to women (1.3%). Tesfaye et al. 30 also found the prevalence of hypertension to be higher in men (21.0%) than in women (16.4%). It has been reported that gender differences in the association between anthropometric variables and blood pressure could be influenced by both biological and behavioural risks. 31 Biological factors include chromosome differences and sex hormones, which serve as a mechanism of protection against hypertension in most young women until they reach menopause. 32 In contrast to our study, Luz et al. 33 reported the prevalence of hypertension to be 54.6 and 71.3% in men and women, respectively. The study focused more on older adults rather than young adults. As women grow older, their oestrogen levels decrease while the pituitary hormones increase, thus putting older women at a greater risk of developing hypertension than men. 34 In our study, the prevalence of central obesity was found to be higher in women (35.4-69.6%) than in men (1.4-30.2%). Barbosa et al. 26 also found a higher prevalence of central obesity in women (65.1%) than men (40.1%), as did Munaretti et al. 35 (women 63.2%; men 18.7%). Women have a larger amount of body fat compared to men. 36 In addition, lifestyle risks such as excessive consumption of diets rich in refined fats, oil and carbohydrates contribute to the elevation of central obesity. 37 Most studies are in agreement with our study as they have also reported the incidence of general obesity to be higher in women than in men. 38, 39 Al-Hazzaa et al. 40 reported that general obesity can be high in either men or women, taking into account their behavioural risk factors such as smoking and alcohol consumption.
We found that WC and overweight were significantly associated with hypertension and can best be used to predict the risk of hypertension in individuals who are obese. Sakurai et al. 25 also reported a strong association between WC and hypertension among Asians aged 19 to 33 years. Furthermore, Zhu et al. 24 found that WC, overweight and hypertension were significantly correlated in white Americans living in an urban setting.
However, our findings contradict those reported by Munaretti et al. 35 in which WHR was shown to be a significant predictor of hypertension. The contradiction between the two studies is probably because WHR is considered to have greater accuracy because of the nature of the measurements required, compared to WC and participants' age categories. The study setting was also different. 22 Individuals with high WC in our study were at a greater risk of developing hypertension.
Although the current study found WC and overweight to be the best predictors for hypertension, Hou et al. 41 reported that the prediction of individuals who are at a greater risk of developing CVD, specifically hypertension, can be improved by combining WC, WHR and BMI. These findings are consistent with those published previously. 24, 42 However, Hans et al. 43 reported that the WC parameter has several advantages compared to other parameters because of its ease of measurement and interpretation in most clinical settings.
The present study did not include predisposing factors such as diet, lifestyle and level of physical activity for central obesity.
Other important factors associated with hypertension, such as medical history, family history, alcohol intake and smoking, were not assessed. The study had a low sample size therefore its findings cannot be representative of all young adults in South Africa.
Conclusion
The prevalence of hypertension was high in men compared to women. Hypertension was significantly related to WC and overweight (the sum of four skinfolds). It is vital to investigate the relationship between lifestyle and biological risk factors for cardiovascular disease over time.
